Introduction
The protozoan Leishmania Vianna braziliensis commonly causes tegumentary leishmaniasis in Latin America, leading to either CL with localized skin ulcers and/or disseminated cutaneous manifestations [1, 2] . Leishmania spp. promastigotes are introduced into mammalian skin by a sand fly vector, after which they are internalized by local or infiltrating phagocytes, including PMNs, monocytes, macrophages, or DCs [3] [4] [5] . Promastigotes convert to intracellular amastigote forms, which reside intracellularly long term in the host [3] . Adaptive immunity with a predominant Th1-type CD4 T cell response is required for cure or prevention of symptomatic disease. However, the type 1 CD4 T cell response is also responsible for the pathologic changes of CL and its disseminated, inflammatory complications [6, 7] . The optimal balance of curative vs. pathologic inflammation, both systemically and at the local site of the CL lesions, remains incompletely understood.
PMNs are the most abundant leukocytes in human blood. PMNs are the first infiltrating cells to arrive at the site of promastigote inoculation, and they are present in acute and chronic CL lesions [3, 5, 8, 9] . PMNs are able to phagocytose parasites in the dermis, but rather than eradicate the infection, they may promote infection by facilitating uptake by macrophages and DCs at the local infection site [10, 11] . It remains to be explored whether and how, local and/or systemic neutrophils might be altered during chronic leishmaniasis.
Studies of human neutrophil populations have identified diverse PMN subsets, including LD-PMNs [12] and PMNs with the capacity to suppress T cell activity [13] . Additional reports document cells that express markers of both PMNs and APCs in some inflammatory or infectious conditions [14] [15] [16] [17] . These and analogous findings in mouse models have led investigators to question whether these unusual human neutrophils function more like APCs, neutrophils, or a hybrid cell type [18] .
Neutrophils are prominent at early time points in murine leishmaniasis [4, 5] . Because we also observed neutrophils during chronic murine leishmaniasis (unpublished observations), we hypothesized that PMNs would exhibit unique properties in chronic human leishmaniasis and might contribute to the systemic inflammatory state of CL. We therefore investigated peripheral blood and lesion-infiltrating neutrophils in Brazilian patients with CL. Our studies revealed a fraction of PMNs which stained positive for HLA-DR + and exhibited characteristics of both conventional PMNs and APCs. These data lead us to hypothesize a role for these unique PMNs in promoting or maintaining the chronic inflammatory state observed during active CL.
MATERIALS AND METHODS

Human subjects
Brazilian patients with CL seeking treatment at the leishmaniasis treatment center in Corte de Pedra, Bahia, in northeast Brazil, were recruited into the current study [19] . Diagnostic criteria for CL included a characteristic, ulcerated skin lesion and a positive, delayed-type hypersensitivity LST ($5 mm induration at 48-72 h). These criteria are specific for a diagnosis of CL in this highly endemic region [1] . Thirty-two of the 54 subjects had additional, confirmatory parasitologic tests, including biopsy from the lesion's edge, parasite culture, or quantitative PCR of DNA extracted from lesions ( Table 1) . Normal, healthy Brazilian endemic controls were recruited among individuals living in Corte de Pedra.
Endemic control subjects had no physical signs characteristic of CL, and they lacked a history or scar suggestive of CL. Additional healthy blood donors were recruited from the Iowa population, for the purpose of testing properties of leukocytes. Table 1 describes the number, gender, and diagnostic testing of study patients with CL and the gender of healthy controls. No subjects had other recognized underlying diseases.
All human studies were performed according to approved ethical standards. Procedures were approved by institutional review boards at the University of Iowa, the Universidade Federal da Bahia, the U.S. National Institutes of Health, and the Brazilian CONEP. The Brazilian institutional review board is registered with the U.S. National Institutes of Health.
Abs and flow cytometry
Abs against human CD66b (PE-Cy7 and APC, clone G10F5), MPO (FITC, MPO455-8E6), lactoferrin (unlabeled, B97), HLA-DR (PE-Cy5, L243), active CD11b (PE, CBRM1/5), CD62L (FITC, DREG54), CD63 (PE, H5C6), CD40 (FITC, 5C3), CD14 (PerCP Cy5.5, M5E2), and CD3 (PeCy5, SK7) were obtained from BioLegend (San Diego, CA, USA). Anti-CD80 (FITC, L307) or CD86 (PE, 2231 [FUN-1]) were from BD Biosciences (Franklin Lakes, NJ, USA). Polyclonal donkey anti-rabbit IgG (PE), anti-mouse IgG (FITC, poly 4060), and anti-mouse IgG (FITC, poly 4060) were purchased from eBioscience (San Diego, CA, USA).
Cells were first stained with Abs against surface proteins by incubation at 4°C. Unless stated otherwise, erythrocytes were then lysed, and leukocytes were fixed with Lyse/Fix solution (eBioscience). Cells stained for intracellular granules omitted the Lyse/Fix and were incubated in 2% paraformaldehyde followed by permeabilization with Perm Buffer (BD Bioscience). After staining and fixation, samples were analyzed using a FACSVerse flow cytometer (BD Bioscience) equipped with a single 488 wave-length laser (Brazil) or a 4-laser LSR II flow cytometer (BD Bioscience) (Iowa). Experiments directly comparing fixation methods (unfixed whole blood or cells fixed with 4% paraformaldehyde or 13 Lyse/Fix) did not result in any unexpected fluorescence that might confound signals from fluorescent Abs against surface markers (data not shown). Analyses were performed using FlowJo software (Tree Star, Ashland, OR, USA).
Blood counts
Peripheral blood differential cell counts were performed microscopically on Wright-Giemsa stained blood smears from patients with CL or control subjects. 
Leukocyte preparations
Whole blood. With the exception of the dextran separation method (below), whole blood for flow cytometry staining was drawn in heparinized tubes and stained directly.
Lesion-isolated PMNs. To analyze neutrophils recruited to cutaneous lesions, punch biopsies were taken from the lesion border of patients with confirmed CL. Biopsies were treated with collagenase (Liberase; F. HoffmannLa Roche, Basel, Switzerland) for 90 min at 37°C and 5% CO 2 , dissociated, passed through a 50-mm Medicon filter (BD Biosciences), and washed by centrifugation. Cell suspensions from human skin were stained with flow cytometry Abs directly ex vivo.
Cell sorting. HLA-DR + CD66b + PMNs from control Iowa subjects were separated from HLA-DR 2 PMNs in whole blood using a FACS Aria II (BD Bioscience). Cells were applied to glass slides (Cytospin 4; Thermo Fisher Scientific, Waltham, MA, USA), fixed, and stained with Wright Giemsa (Hema 3; Thermo Fisher Scientific). Low-and normal-density neutrophils. Histopaque Ficoll 1077 (SigmaAldrich, St. Louis, MO, USA) was used to separate low-density leukocytes, including PBMCs from whole blood. The low-density fraction above the Ficoll also contained LD-PMNs as described [20] . Normal-density neutrophils were recovered from below the Ficoll layer after a brief hypotonic lysis in dH 2 O (30 s, room temperature).
Dextran separation of neutrophils. For some experiments, neutrophils were isolated using a standard dextran sedimentation protocol for comparison with whole blood, low-density, and normal-density neutrophils. Briefly, whole blood was incubated in an equal volume of 3% dextran/PBS (18 min, room temperature), precipitating most erythrocytes [21] . After removing the pelleted erythrocyte layer, the remaining leukocyte-enriched supernatant was resuspended in buffer without cations, and separated into low-density (PBMCs) versus normal-density neutrophil fractions with Histopaque Ficoll 1077, as described above.
T cell proliferation
After Ficoll separation of leukocytes by density sedimentation, CD3 microbeads and MS columns (Miltenyi Biotech, San Diego, CA, USA) were used to isolate T cells from the low-density leukocyte fraction containing most of the mononuclear cells. CD15 microbeads were then used to separate the remaining low-density leukocytes into 2 populations, one enriched for LD-PMNs (.90% LD-PMNs), and the other depleted of LD-PMNs (,1% LD-PMNs). CD3 + T cells were stained with CFSE (Sigma-Aldrich) and suspended in RP10 (RPMI 1640 medium, 10% heat-inactivated FBS, 2 mM L-glutamine, 100 U penicillin/ml, 50 mg gentamicin/ml), supplemented with 100 units/ml of IL-2. Then, 5 3 10 5 T cells were incubated at 37°C and 5% CO 2 for 72 h with CD3/CD28-expressing Dynabeads (Thermo Fisher Scientific) as a positive control or with 5 mg/ml of SLA plus a 1:1 ratio of autologous lowdensity leukocytes that were either enriched for LD-PMNs or were depleted of LD-PMNs. Bead-enriched T cells from healthy controls were also incubated with CD3/CD28 beads or LD-PMN-depleted PBMCs in the presence of SLA. SLA was prepared from cultured L. braziliensis as described [22] . After 72 h, cells were stained for CD3 and CD4 and analyzed by flow cytometry.
DHR123 fluorescence
To activate PMNs, 10 mg of 0.5 mM PMA (Sigma-Aldrich) was added to 200 ml of heparinized whole blood mixed 1:1 with RP10. After 5 min incubation at 37°C with 5% CO 2 , 10 mM DHR123 (Sigma-Aldrich) was added. After an additional 15 min at 37°C, at 5% CO 2 , cells were transferred to 4°C, stained, and fixed. DHR123 fluorescence in single cells was detected by flow cytometry.
Phagocytosis assay
Stationary phase Leishmania infantum promastigotes were labeled with 10 mM CFSE. Zymosan particles (Sigma-Aldrich) and L. infantum were opsonized in 5% fresh human serum (10 min, 37°C, 5% CO 2 ); 100 ml whole blood, 
Neutrophil priming and plasma replacement
To examine neutrophil priming in vitro, 100 ml of whole blood was incubated in RP10 supplemented with TNF (10 ng/ml), GM-CSF (20 ng/ml), IFN-g (20 ng/ml) (PeproTech, Rocky Hill, NJ, USA), or LPS (10 ng/ml) (SigmaAldrich). Additional neutrophils were incubated with 5 3 10 5 serumopsonized L. infantum or zymosan. After 2 h at 37°C and 5% CO 2 , cells were washed and stained for flow cytometry. To test replacement of healthy donor plasma with CL patient plasma, 100 ml of whole blood from healthy Brazilian endemic controls was centrifuged for 10 min at 1500 rpm, and the plasma was removed. Cells were suspended in 100 ml of plasma from patients with CL and was incubated for 2 h at 37°C with 5% CO 2 and stained for flow cytometry.
Single-cell detection of hladrb1 mRNA
Intracellular transcripts in single cells were examined by flow cytometry using a PrimeFlow assay according to the manufacturer's protocol (Affymetrix, Santa Clara, CA, USA). Briefly, healthy donor whole blood was primed by incubation in recombinant cytokine TNF (10 ng/ml) and GM-CSF (20 ng/ml) separately or in combination. After 2 h at 37°C and 5% CO 2 , cells were stained for surface CD66b, CD15, and HLA-DR; fixed; and permeabilized. Oligonucleotides complementary to 2 sites on the hladrb1 mRNA and to sequences designed to hybridize with subsequent "amplifiers" were added to the cells. This was followed by hybridization to "preamplifier" and fluorescence marker-labeled "amplifier" DNA probes. Cells were washed and analyzed by flow cytometry.
Statistics
Statistical comparison between patient and control groups was performed using an unpaired Welch's t test to account for differences in variances and sample sizes. A paired Student's t test was used to compare matched samples from the same patient. ANOVA and correlation coefficients were used for indicated tests. Statistical analyses were performed using GraphPad Software (La Jolla, CA, USA).
RESULTS
HLA-DR + PMNs detected in patients with CL
Many studies of PMNs in leishmaniasis have focused on early local events at the site of Leishmania inoculation in murine models [11, 23] . We undertook a study of the phenotype of PMNs in Brazilian patients with active, untreated CL. Gating strategies for flow cytometry are shown in Supplemental Fig. 1 . Surprisingly, there was a population of cells staining positive for both neutrophil markers and HLA-DR, a molecule believed to be present only on APCs in whole blood of many CL subjects ( Fig. 1A and B) . In contrast, ,1% of PMNs from control subjects stained positive for HLA-DR (Fig. 1C) . Costaining for monocytespecific CD14 and for another neutrophil marker CD15 revealed no discernable contamination of CD66b + PMNs with monocytes ( Fig. 1D ). PMNs isolated from 12 skin biopsies of patients with CL lesions also showed high amounts of surface HLA-DR ( Fig. 1E and 1F). Although only a subset of patients had HLA-DR + PMNs in peripheral blood, the CL lesions of all patients examined contained PMNs expressing HLA-DR (Fig. 1F ). There were no significant correlations between sex, age, or size of CL lesion and the abundance of HLA-DR on PMNs in the peripheral blood, quantified as G-MFI (Supplemental Fig. 2 ).
Thus, we did not measure a clinical characteristic that correlates with higher abundance of circulating HLA-DR PMNs.
Sorted HLA-DR + PMNs have the appearance of neutrophils
A small proportion (0.2-0.8%) of circulating neutrophils from healthy control donors stained positive for HLA-DR. To verify that HLA-DR + CD66b + cells were truly neutrophils, we isolated these cells using FACS and examined them by light microscopy. These slides verified that both HLA-DR + and HLA-DR 
HLA-DR + PMNs are not immature neutrophils
It was hypothesized that HLA-DR + PMNs correspond to immature neutrophils released from bone marrow [24] . To examine that, we quantified immature (band, metamyelocyte) vs. mature neutrophil forms among sorted PMNs from healthy control donors. There was no difference in the percentage of immature neutrophils between sorted HLA-DR + and HLA-DR 2 PMN populations (Fig. 2C) . Study of peripheral blood differential leukocyte counts from patients with CL showed significantly increased percentages of total bands and metamyelocytes compared with healthy endemic controls, an expected result in this chronic, infectious disease (Fig. 2D) . Nonetheless, there was no correlation between the percentage of immature neutrophil forms (bands and metamyelocytes) and the magnitude of HLA-DR expression on PMNs (Fig. 2E ). These data suggest that high HLA-DR expression is not a marker of immature neutrophils. Granulocytes other than neutrophils can express MHC class II and act as APCs [25] . However, there were no significant differences in circulating basophils, eosinophils, or mast cells between patients with higher (.5%) vs. lower (,5%) proportions of HLA-DR + PMNs or between healthy controls and patients with CL (Supplemental Fig. 3 ). Taken together, the above findings suggest that HLA-DR + PMNs were unlikely to be monocytes, basophils, eosinophils, or immature neutrophil forms.
HLA-DR + PMN granule contents
As further verification that HLA-DR + are neutrophils, we examined markers of intracellular granules. MPO is found in greatest abundance in neutrophil azurophilic granules and at low levels in monocyte granules. As expected, whole blood intracellular staining showed significantly more intracellular MPOs in all PMNs, including HLA-DR + PMNs, than monocytes in neutrophil populations from CL subjects (Fig. 2F-I ). Furthermore, there was significantly more intracellular MPO in HLA-DR + than HLA-DR 2 PMNs in both CL subjects (Fig. 2H-I ) and endemic healthy controls (Supplemental Fig. 5A ). We were also able to verify that total neutrophil populations had intracellular neutrophil elastase and lactoferrin (Supplemental Fig. 4 ). Although technical limitations in flow cytometric staining at the Brazilian facility made it impossible to directly compare neutrophil elastase and lactoferrin in HLA-DR + and HLA-DR 2 PMNs, patients with CL with a high proportion (.5%) of HLA-DR + PMNs had equivalent amounts of these intracellular compounds as those with a low percentage (,5%) of HLA-DR + PMNs (Supplemental Fig. 4 ).
Dextran sedimentation depletes HLA-DR + PMNs
Separation of whole blood cells over a density gradient results in leukocyte fractions from which LD-PMNs or ND-PMNs can be isolated. When whole blood was centrifuged over a Ficoll gradient, patients with CL had significantly more CD66b + LD-PMNs in the total low-density fraction than did healthy control Brazilian subjects (Fig. 3A ) [12] . Typically, PMNs are purified from whole blood using a dextran solution to sediment erythrocytes before a Ficoll density gradient [21] . Surprisingly, when leukocytes from density fractions of either patients with CL or healthy controls were stained for HLA-DR, cells isolated after a dextran-sedimentation step were apparently depleted of HLA-DR + PMNs in purified fractions of LD or ND (Fig. 3B) . In contrast, leukocytes separated on a Ficoll density gradient from whole blood without the use of dextran showed significant enrichment of HLA-DR + PMNs in the LD-PMN fractions of both patients with CL and healthy controls (Fig. 3C) . Thus, the HLA-DR + PMN phenotype seemed to be highly enriched in the LD-PMN fraction but preferentially lost during dextran sedimentation. To determine the fate of these cells during the dextran sedimentation procedure, we stained dextran-precipitated erythrocyte layers for leukocyte markers (Fig. 3D-F) . The erythrocyte layer from CL subjects contained granulocytes that stained positive for CD66b and HLA-DR (Fig. 3D) , whereas HLA-DR + CD66b + PMNs from the same samples were depleted from the LD-and ND-PMN fractions (see example in Fig. 3D and E) . This observation was confirmed by the combined results of 9 CL subjects and 5 healthy controls (Fig. 3F) . Consequently, dextran was omitted from all subsequent neutrophil isolation procedures in this study.
LD-PMNs do not suppress T cell proliferation in vitro
Low-density neutrophils have previously been described in several disease states, including systemic lupus erythematosus and cancer [12, 26] . We sought to determine whether LD-PMNs from patients with CL could influence T cell responses using an in vitro proliferation assay. CD3 + T cells were purified with magnetic beads from the low-density leukocyte fractions (after centrifugation over Ficoll) from patients with CL and controls. Subsequently, we used anti-CD15 magnetic beads to divide the remaining low-density fraction into 2 populations: one enriched (.90%) for LD-PMNs, and the other depleted (,1%) of LD-PMNs. Both fractions contained proportions of the other low-density leukocytes, including NK cells and known APC populations (monocytes, B cells, NK cells, and any DCs present). Total CD3 + T cells from patients with CL or from healthy subjects were CFSE-labeled and incubated with positive control stimulatory CD3/CD28-coated beads, with LD-PMN-depleted PBMCs or LD-PMN-enriched PBMCSs in the presence of SLA as a source of parasite antigen. After 72 h, cells were stained for surface CD3 and CD4 (Fig. 4G) and studied for evidence of proliferation (CFSE dilution).
The data showed there was no proliferation of isolated T cells without added APCs. T cells did proliferate when incubated with positive-control anti-CD3/anti-CD28 beads, as expected. Furthermore, T cell proliferation was observed in T cells that were incubated with parasite antigen (SLA) plus either of the low-density leukocyte populations. Importantly, there were no significant differences between proliferation of T cells incubated in fractions that were enriched for LD-PMNs or depleted of LD-PMNs. To show that proliferation indicated an antigen-specific response of SLA-infected subjects, negative control T cells from healthy endemic controls did not proliferate when autologous mononuclear cells were incubated with SLA, whereas they did proliferate with CD3/CD28 beads (Fig. 4G) .
Because column-"purified" HLA-DR + PMNs from LD fractions contained other APCs, no conclusions can be drawn about these cells' antigen-presenting capacity. Nevertheless, the contrast between LD-PMN-enriched vs. LD-PMN-depleted fractions supports the conclusion that LD-PMNs from patients with CL do not suppress T cell proliferation in vitro.
Costimulatory molecule expression
The data above presented evidence that HLA-DR + PMNs in whole blood exhibited the morphologic and at least some biochemical characteristics of neutrophils. Because they display surface HLA-DR, we examined whether they also displayed additional markers of APCs, such as costimulatory molecules. Indeed, the data showed that HLA-DR + PMNs expressed significantly more surface CD80, CD86, and CD40 than HLA-DR 2 PMNs did from the same subjects (Fig. 4A-F) . Similarly, the few HLA-DR + PMNs in healthy control subjects expressed greater amounts of CD80 and CD86 than did the HLA-DR 2 PMNs from the same subjects (Supplemental Fig. 5B and C) .
Neutrophil activation and function
In addition to HLA-DR, whole blood neutrophils of patients with CL were stained for 4 markers of activation: 1) CD62L (L-selectin), which is shed from the membrane upon activation (Fig. 5A) ; 2) CD63 (protein in azurophilic granules); 3) CD66b (specific granules); and 4) active CD11b (specific and gelatinase granules) (Figs. 5B-D) . The latter 3 are neutrophil granule membrane proteins that migrate to the surface membrane upon granule exocytosis [20] . By all measures, the activation state of HLA-DR + PMNs was greater than that of HLA-DR 2 PMNs. We observed this same trend in HLA-DR + PMNs from healthy controls (Supplementary Fig. 5D-G) .
We questioned whether HLA-DR + PMNs exhibited neutrophil-specific functions. DHR123 freely diffuses into leukocytes where it can be oxidized to a form that emits fluorescence. DHR123 oxidation occurs in the presence of H 2 O 2 and a peroxidase such as MPO [27] . When there is constant MPO concentration, superoxide can dismute to H 2 O 2 and react with MPO and DHR123, resulting in a fluorescent DHR signal that is proportional to the amount of NADPH activity. We stimulated CL patient whole blood briefly with PMA in the presence of DHR123 [28, 29] . HLA-DR + PMNs oxidized significantly more DHR123 than did HLA-DR 2 PMNs from the same subjects when stimulated with PMA (Fig. 5E) . A similar increase in DHR123 fluorescence was also seen in HLA-DR + PMN from healthy controls ( Supplementary Fig. 5H ). Because DHR123 fluorescence depends on MPO and because HLA-DR + PMNs have significantly more intracellular MPO than HLA-DR
2
PMNs do ( Fig. 2H and I ), we cannot be certain whether the increased DHR123 oxidation reflects different MPO concentrations, increased NADPH oxidase activity, or both. The phagocytic capacity of different neutrophil types was compared by incubating healthy donor whole blood with serumopsonized L. infantum promastigotes or zymosan particles at 37°C for 30 min. Phagocytosis was detected as CD66b + neutrophils costaining with CFSE-labeled parasites or autofluorescent zymosan according to flow cytometry. The data revealed that HLA-DR + PMNs took up more L. infantum and more opsonized zymosan than did HLA-DR 2 PMNs (Fig. 5F and G). Fig. 3 and Supplemental Fig. 5 illustrate clearly that the major difference between HLA-DR + PMNs in patients with CL, compared with healthy controls, is the significantly greater proportion and number of HLA-DR + PMNs in subjects with CL. The density or other characteristics of HLA-DR + neutrophils from different donors seems to be similar, whether derived from subjects with high (CL) or low (control) concentrations of these cells.
Data in
Neutrophil priming promotes PMN surface expression of HLA-DR
The enhanced activation and functional capacity of HLA-DR + PMNs suggested a primed phenotype. Therefore, we investigated whether alternate priming signals [30] [31] [32] [33] would augment neutrophil HLA-DR expression. We incubated whole blood from healthy donors for 2 h in conditions known to induce priming in vitro (TNF, LPS) [33] , with cytokines implicated in PMN MHC class II expression (GM-CSF, IFN-g) [24] or with opsonized L. infantum or zymosan under conditions allowing phagocytosis. Only TNF and LPS incubation caused a significant increase in PMN surface HLA-DR compared with cells incubated for the same length of time without exogenous stimuli. Furthermore, GM-CSF caused a significant increase in HLA-DR compared with cells stained directly ex vivo (Fig. 6A) . There was no effect of IFN-g, parasites, or zymosan on neutrophil HLA-DR expression. Thus, there seemed to be some degree of specificity to the signals inducing PMNs to increase surface HLA-DR expression in vitro.
Plasma from patients with CL contains higher concentrations of inflammatory cytokines, including TNF and IFN-g, than found in plasma from uninfected control subjects [6] . Based on the hypothesis that circulating cytokines might induce neutrophil HLA-DR expression, we incubated healthy donor whole blood cells with plasma from patients with CL for 2 h at 37°C. Compared with cells incubated in autologous plasma, plasma from patients with CL induced a significant increase in surface HLA-DR on PMNs (Fig. 6B) . Furthermore, there was a significant correlation between the ability of a patient's plasma to increase HLA-DR on healthy donor PMNs and the proportion of that same patient's PMNs that expressed HLA-DR (P , 0.01; Fig. 6C) .
We approached the question of whether the observed, increased neutrophil HLA-DR was derived from endogenous or newly synthesized neutrophil stores or was acquired from other cells in an experiment designed to detect steady-state abundance of hladrb1 mRNA. Confounding studies of neutrophil gene expression, even a small amount of contamination with more transcriptionally active hematopoietic cells such as monocytes could greatly skew results. We therefore used PrimeFlow analysis to detect hladrb1 mRNA in individual cells by flow cytometry. Whole blood from healthy donors was primed for 2 h with TNF or GM-CSF, as described for the experiments shown in Fig. 6D . Incubation in TNF significantly increased the expression of HLA-DR on neutrophils. Permeabilization and intracellular hybridization enabled us to discern that hladrb1 mRNA was significantly increased in HLA-DR + PMNs and monocytes compared with total whole blood PMNs or HLA-DR 2 PMNs (Fig. 6E ). These findings are consistent with the intracellular synthesis of hladrb1 mRNA resulting in HLA-DR surface expression, even after a short incubation period.
DISCUSSION
Studies of leishmaniasis in mouse models have revealed that neutrophils have a role in shuttling the Leishmania spp. parasite through host cells during the first hours of infection [4, 5, 34] . Relatively less is known about human infection or about the potential role for neutrophils throughout the chronic phases of leishmaniasis. The current study was based on the hypothesis that neutrophils in the circulation contribute to maintenance of a systemic inflammatory state in subjects with CL. Study of individuals in an endemic region of northeast Brazil revealed increased expression of HLA-DR on neutrophils in lesions and in the circulating blood of patients with CL caused by L. braziliensis. Whereas HLA-DR + PMNs were observed in lesions of all subjects examined, HLA-DR + PMNs were observed in the circulation of only some. These unusual cells phenotypically resembled neutrophils according to both flow cytometry for surface markers (CD66b + CD15 + CD14 2 ) and characteristic morphologic features under light microscopy. Further examination showed some neutrophil characteristics were enhanced in HLA-DR + PMNs, including increased MPO content and a greater capacity for [15, 35, 36] , after experimental IFN-g treatment [37] or in the wounds but not the blood of patients with persistent Staphylococcus aureus infection [17, 38] . It has also been reported that MHC class II expression on neutrophils is enhanced during prolonged in vitro culture with IFN-g, GM-CSF, IL-4, or acidification [24, 39, 40] . Importantly, our study of patients with CL showed a high proportion of HLA-DR + PMNs corresponded to the LD-PMNs. LD-PMNs have recently been described in subjects with visceral leishmaniasis and other conditions [12] . LD-PMNs from patients with systemic lupus erythematosus are known to produce type I interferons, which may contribute to inflammation and disease progression [41] . In contrast, LD-PMNs from patients with cancer have a suppressive phenotype that can impair T cell proliferation in vitro [26, 42] . Data presented in the current study show that LD-PMNs from patients with CL contain a substantial proportion of the HLA-DR + PMNs. LD-PMNs did not suppress T cell proliferation in vitro. It has not, to our knowledge, previously been demonstrated that cells staining as HLA-DR + PMNs exhibit morphologic and functional characteristics of neutrophils. Herein, we showed that PMNs expressing MHC Class II are indeed neutrophils according to their morphology, granule contents, and function. A very small population of HLA-DR + PMNs from healthy hosts had the same characteristics, suggesting these cells may be expanded, rather than emerge de novo, during chronic leishmaniasis.
The localized pathologic inflammatory tissue damage observed during tegumentary CL results primarily from vigorous CD4 and CD8 T cell responses [7, 43] . Neutrophils migrate in large numbers into the skin in the first hours of Leishmania spp. infection and are found in both early and late CL lesions in both mice and human hosts [43] . The presence of HLA-DR + PMNs in all CL lesion biopsies examined and a similar phenotype seen in the systemic compartment, adds a novel potential role for these cells in the generalized inflammatory state accompanying the localized disease. Rather unexpectedly, HLA-DR + PMNs displayed a greater degree of activation (CD62L cleavage), degranulation (granule surface markers), MPO, and phagocytosis than did the HLA-DR 2 PMNs from the same subject. Because increased activation is characteristic of primed neutrophils, this raised a possible connection between neutrophil priming and HLA-DR expression. Consistently, exposure to known neutrophil priming conditions [33, 44] revealed that incubation in TNF or LPS induced HLA-DR expression on PMNs in vitro. Study of the subgroup of patients with CL having HLA-DR + PMNs in their circulation revealed their plasma samples were able to induce HLA-DR expression on PMNs from healthy subjects. It is logical to hypothesize that exposure to inducing agents, such as TNF, in the tissue induces HLA-DR expression locally on all neutrophils migrating to the infection site, and that neutrophil HLA-DR expression on circulating neutrophils is induced only in subjects with elevated serum levels of priming cytokines. Several published studies document cytokine/chemokine levels in the serum of patients with CL. Patients with L. braziliensis infections have higher levels of CXCL10, CCL4, and soluble TNF receptor II compared with controls [6, 45] . Elevated serum levels of TNF, IL-2, IL-4, IL-6, and IL-17 are reported in subjects with New World CL from a variety of species [46] . Serum levels of TNF, IL-6, and IL-1b were also elevated in subjects with CL from Leishmania major [47] . Thus, there are ample cytokines that could be responsible for increased neutrophil HLA-DR, although TNF is primarily suspected. The increase in HLA-DR-expressing PMNs in CL could reflect the emergence or prolonged survival of a distinct HLA-DRexpressing neutrophil subset or increased expression of HLA-DR on the surface of many neutrophils already in the circulation. Shift of the entire PMN population toward increased HLA-DR expression, observed in flow cytometry histograms, argues against a separate PMN subset and in favor of some mechanism leading to up-regulation of HLA-DR on the neutrophil surface. Mechanisms accounting for the latter could include de novo synthesis, movement of HLA-DR from a preexisting intracellular pool to the neutrophil surface, passive acquisition from nearby cells (documented for bovine neutrophils [48] ), or trogocytic acquisition of membrane molecules after phagocytosis of other APCs, as documented in T cells [49] . Study of gene expression in HLA-DR + neutrophils is a challenge because even a few contaminating monocytes would falsely indicate HLA-DR gene expression. Nonetheless, we were able to detect mRNA in single cells by flow cytometry and found a significant increase in hladrb1 mRNA in HLA-DR + PMNs. This suggests neutrophils are capable of de novo HLA-DR synthesis, although this does not preclude the simultaneous contribution of several mechanisms to increase HLA-DR abundance. It is becoming increasingly clear that neutrophils exhibit phenotypic and functional heterogeneity, both in the circulation and the tissues into which they migrate [13, 26, 50] . Because HLA-DR + PMNs are depleted during isolation procedures that include a dextran sedimentation step provides at least one possible explanation for the lack of studies showing APC-like neutrophils, first described almost 30 y ago [24] . Our data have illuminated PMNs with a primed phenotype and APC-like surface markers. There are reports of PMN subtypes that suppress T cell responses, including G-MDSCs and PMNs arising during LPSinduced endotoxemia [13] . The fact that LD-PMNs from patients with CL did not suppress T cell proliferation in vitro argues that they are not the same as G-MDSCs. HLA-DR + PMNs are increased among low-density leukocytes, but their properties differed from LD-PMNs that are expanded in other conditions. For instance, LD-PMNs from patients with systemic lupus erythematosus patients produce type I IFNs and contribute to inflammation and disease progression [41] , and LD-PMNs from patients with cancer suppress T cell responses [26] . Thus, neutrophils of low density are induced by a variety of conditions and should not be considered as a single neutrophil phenotype. Clearly, there is much to be discovered about the longevity and plasticity of these various neutrophil phenotypes. In patients with CL, the ultimate effect of expanded numbers of circulating, partially activated neutrophils that express molecules characteristic of APCs remains to be shown.
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